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Purpose: To describe the EEG pattern of seizures in patients with benign childhood epilepsy with centro-temporal spikes
(BCECTS). Methods: The clinical and EEG data of 701 BCECTS patients with at least a 3 years follow-up were reviewed from 10
epilepsy centers. Results: Thirty-four seizures were recorded in 30 patients. Four diﬀerent ictal EEG patterns (A–D) were identiﬁed.
The most frequent (pattern A) was characterized by low voltage activity of fast rhythmic spikes, increasing in amplitude and decreas-
ing in frequency, and occurred in 14 children. Pattern B (six patients) was constituted by a discharge of spikes intermixed with sharp
waves increasing in frequency and amplitude. Pattern C (seven children) consisted of monomorphic theta which progressively formed
a discharge increasing in amplitude and decreasing in frequency. Pattern D (5 children) was characterized by a initial focal depression
of the electrical activity, followed by one of the three above described patterns. In 21 out of 28 children, the initial ictal pattern, altered
from one pattern to another one. No clinical or EEG feature was predictive of a speciﬁc ictal pattern.Discussion:We failed to identify
a unique ictal EEG pattern in our patients with BCECTS. The occurrence of per-ictal features, e.g., initial EEG depression or post-
ictal slowing, is common and should not be interpreted with prejudice. Alteration of ictal EEG pattern from one to another is not in
conﬂict with the diagnosis of BCECTS.
 2010 The Japanese Society of Child Neurology. Published by Elsevier B.V. All rights reserved.
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Benign epilepsy with rolandic or centro-temporal
spikes (BCECTS) is a focal epilepsy of childhood char-0387-7604/$ - see front matter  2010 The Japanese Society of Child Neuro
doi:10.1016/j.braindev.2010.06.007
* Corresponding author. Tel.: +39 0376 201371; fax: +39 0376
201372.
E-mail addresses: pippo.capovilla@aopoma.it, giuseppe.capovil-
la@aopoma.it (G. Capovilla).acterized by absence of neurological deﬁcits, motor focal
seizures, peculiar EEG abnormalities and spontaneous
recovery [1,2]. BCECTS is the most common form of
idiopathic epilepsy in children [2], but, since seizure fre-
quency is generally low in this syndrome, there are
scarce descriptions of the ictal discharge [3–9] due to
the diﬃcult to capture the episodes. The ﬁrst described
ictal patterns are characterized by a sequence of rhyth-
mic sharp waves or by a sequence of spikes remaininglogy. Published by Elsevier B.V. All rights reserved.
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lowed by signiﬁcant signs of post-ictal abnormalities
[3,4]. In 1990, Gutierrez et al. described an ictal subclin-
ical event in a child with BCECTS characterized by a
pattern of multiple spike and wave complexes, followed
by post-ictal slowing [5]. Oliveira de Andrade, in 2005,
reported two subclinical rhythmic discharges of spike
and wave in a boy with BCECTS [8]. Saint-Martin et
al. in 2001, described a series of patients presenting with
diﬀerent types of positive or negative ictal manifesta-
tions. In four cases the description of focal seizures
was given [10]. Dalla Bernardina et al. in 2005, wrote
that, generally, the ictal pattern is characterized by a
sequence of rhythmic sharp waves or spikes, not pre-
ceded by an important EEG depression, remaining
unchanged during the seizure and not followed by
post-ictal slowing [1]. The aim of our paper is to describe
BCECTS patients in which electroclinical and/or sub-
clinical seizures were recorded and to compare our to lit-
erature data.
2. Patients and methods
Approval from the local institutional Ethic Com-
mittee and informed consent signed by the parents
were obtained. We reviewed clinical and EEG docu-
mentation of our cases with BCECTS (701 patients)
referred to 10 diﬀerent Epilepsy Centre in Italy, with
at least 3 year follow-up. Strict inclusion criteria were
the presence both of typical sensorimotor seizures
aﬀecting orofacial district with or without generaliza-
tion and focal interictal EEG paroxysms in the cen-
tro-temporal areas activated by drowsiness and sleep.
Furthermore, all patients fulﬁlled the classic criteria
for BCECTS: normal pregnancy and delivery, unevent-
ful past medical history, normal psychomotor develop-
ment at diagnosis, normal neuroimaging, onset
between 2 and 13 years, spontaneous recovery [11–
13]. From clinical charts we selected these informa-
tions: sex, age, age at seizure onset, personal anteced-
ents of febrile seizures, family history of epilepsy and
or febrile seizures, neurological and neuropsychologi-
cal evaluations, neuroimaging, interictal EEG and ictal
video-EEG, antiepileptic drugs (AEDs) prescribed. All
patients had repeated and prolonged EEG recordings,
performed both at awake state and during sleep. Scalp
silver–silver chloride electrodes were placed using the
International 10–20 system. Additional electrodes were
used for polygraphic parameters, in particular for
muscular poligraphy. All examinations were recorded
on split-screen video-EEG. All interictal and ictal pat-
terns were reviewed by two investigators (GC and FB).
Subclinical seizures were deﬁned by the occurrence of
an ictal discharge without concomitant clinical mani-
festations detected by video-EEG. The correlation
between the identiﬁed ictal patterns and the clinical-EEG data of the patients (i.e., side of ictal abnormal-
ities, occurrence of secondary generalization or post-
ictal slowing, presence of drug-resistance), were ana-
lyzed by two-way analysis of v2 with Yates’ correction,
with p < 0.05 taken as signiﬁcant.
3. Results
From 701 BECTS patients, we recorded subclinical
and/or clinical seizures in 30 patients (20 males).
3.1. Demographic data
Clinical characteristics of the patients are shown in
Table 1. All the patients had an uneventful personal his-
tory. In four patients, seizure onset was preceded by
simple febrile seizures. A positive family history of epi-
lepsy is present in 10 cases, mostly for idiopathic forms.
In adjunction, four cases had a positive family history
for febrile seizures, two cases had a positive family his-
tory for both epilepsy and febrile seizures.
3.2. Onset age
The age at epilepsy onset varied between 2 and
11 years (mean 6 years 4 months), and does not diﬀer
from the cases reported in the literature.
3.3. Seizure semeiology
3.3.1. Referred by parents
All the patients presented with typical lateralized
motor faciobrachial seizures during drowsiness, sleep
or awakening. At awake state, the seizures were present
in nine cases. A secondary generalization was referred
by the parents in eight cases.3.3.2. Video-recorded
In two cases the seizures were only subclinical. Three
cases presented with both clinical and subclinical sei-
zures in diﬀerent EEG recordings. In the other cases,
the patient presented with a wide spectrum of polymor-
phous clinical episodes. The duration of the attacks was
comprised between 10 s and 15 min (mean 1 min and
40 s). Ictal manifestations are detailed in Table 2.3.4. Neuropsychological proﬁle
Psychomotor development before seizure onset was
normal, as neuroimaging with MRI/CT scan (26/4
patients, respectively). Eight children (Case 1, 10–13,
19, 21 and 22) experienced transient learning diﬃculties
and mild attention deﬁcit or behavioural problems dur-
ing epilepsy history, completely recovered at the end of
follow-up.
Table 1
Clinical characteristics of the patients.
Patient no. Sex Age epilepsy onset Seizure
frequency
Seizure
occurence
Post-ictal
deﬁcit
Seizures recorded Development Follow-up
(years)
Therapy AEDs
RES
AED at time
of seizures recording
1 M 7 years 3 months PA A, S – Clinical Transient
attention deﬁcit
18 VPA No Yes
2 M 6 years 8 months PA S Yes Subclinical Normal 5 CLB Yes No
3 F 4 years 6 months M A, S Yes Clinical Normal 5 – No
4 M 5 years 9 months M S – Sublinical Normal 9 – No
5 F 7 years 8 months M A, S – Clinical Normal 17 CBZ Yes No
6 M 4 years 9 months M A, S – Clinical and subclinical Normal 5 VPA + CLB No Yes
7 F 3 years 9 months PA A, S Yes Clinical and subclinical Normal 5 ESM + CLB No Yes
8 F 11 years PA S – Clinical Normal 10 VPA Yes No
9 F 2 years 4 months PA S Yes Clinical Normal 10 CLB Yes Yes
10 M 2 years M S – Clinical TND 11 VPA + CLB No Yes
11 M 6 years M S – Clinical TND 3 – No Yes
12 F 3 years 9 months M S – Clinical TND 10 LTG No Yes
13 M 3 years 6 months M S Yes Clinical TND 4 LEV Yes No
14 M 5 years 6 months M A, S – Clinical and subclinical Normal 5 CLB Yes No
15 M 8 years PA S Yes Clinical Normal 13 – No
16 F 7 years PA S Yes Clinical Normal 3 – No
17 M 5 years 10 months M S – Clinical Normal 4 VPA Yes No
18 F 7 years PA S – Clinical Normal 3 VPA No
19 F 9 years 9 months PA S – Clinical Behavioural
problems
3 VPA Yes No
20 M 5 years 8 months PA A, S Clinical Normal 4 – No No
21 M 7 years PA S Yes Clinical Learning diﬃculties 7 VPA + ESM No No
22 M 3 years M A, S – Clinical Attention deﬁcit,
learning diﬃculties
7 VPA + CLB + TPM No Yes
23 M 8 years 8 months PA S Yes Clinical Normal 8 VPA Yes No
24 M 6 years 6 months M S – Clinical Normal 3 – No
25 M 9 years 11 months PA S Yes Clinical Normal 3 VPA + LEV No Yes
26 F 7 years PA S – Clinical Normal 15 CBZ No Yes
27 M 6 years 6 months PA S – Clinical Normal 10 CBZ No No
28 M 9 months PA S – Clinical Normal 8 CBZ Yes No
29 M 8 years PA S Yes Clinical Normal 3 VPA Yes Yes
30 M 8 years M A, S – Clinical Normal 9 VPA Yes Yes
PA, Pluriannual; M, monthly; A, awake, S, sleep; TND, transient neuropsychological deﬁcit; VPA, valproic acid; CLB, clobazam; CBZ, carbamazepine; ESM, ethosuximide; LTG, lamotrigine;
LEV, levetiracetam; TPM, topiramate; AEDs RES, response to antiepileptic drug.
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Table 2
Detailed ictal semeiology in the BECTS patients reported by the parents and observed at video-EEG recording.
Patient no. Parents description Video-EEG (ictal semeiology)
1 Cry, right perioral and right arm twitching, anarthria Hemifacial right twitching, anarthria
2 Cry, hemifacial right twitching then of right limbs Subclinical
3 Mouth deviation to the right, right arm twitching,
dysarthria
Look frightened, right arm clonic movements, anarthria
4 Guttural sounds, right perioral twitching, anarthria Subclinical
5 Look frightened, tremor, ﬁxed gaze Look frightened, left arm twitching
6 Hemifacial twitching Left hemifacial twitching then of left arm
7 Hemifacial twitching Left hemifacial twitching, then involvement of the left
side of the body
8 Perioral twitching Right perioral twitching, then of the four limbs and loss
of consciousness
9 Hemisomic clonic jerks Left arm and hemifacial twitching, then of the left side
of the body, loss of consciousness
10 Hemifacial clonic jerks Left hemifacial and arm twitching
11 (a) Stertorous respiration, right hemifacial and arm
twitching, loss of consciousness
Right perioral twitching, hemifacial twitching, right arm
extension, loss of consciousness
(b) Twitching of the right side of the body
12 Head deviation, clonic jerks Head and eye deviation to the left or to the right,
hemiclonic left or right seizure
13 Perioral and arm clonic movements Perioral and arm twitching with secondary
generalization
14 Mouth deviation to the left and left hemifacial
twitching
Tongue paresthesia, touching the mouth with left hand,
cry, retching, drooling, diﬃcult respiration, clonic
movement of the four limbs
15 Hemifacial right twitching, anarthria Awakening, right hemifacial twitching, anarthria,
drooling
16 Crying, eye deviation to the right, trisma, diﬀuse
hypertonus, with or without clonic phase
Left arm paresthesia
17 Crying, mouth deviation, loss of contact, eyelid
myoclonia, hypertonus
Eye opening, right perioral twitching then involvement
of eye, arm and leg of the same side
18 Not possible to close mouth Perioral left twitching, then involvement of left eye, arm
and leg
19 Guttural sounds, diﬀuse hypertonus, arm clonic
movements
Mouth deviation, secondary generalization
20 Hypertonus, four limbs clonic movements, loss of
consciousness
Eye and mouth deviation to the left, secondary
generalization
21 Right hemifacial and right arm clonic movements Eye, head and mouth deviation to the right, drooling,
loss of consciousness
22 Perioral right twitching Mouth deviation to the right, loss of contact
23 Clonic generalized Diﬀuse hypertonus, trunk rotation toward left, limb
extension, loss of contact, chewing movements
24 Hemifacial jerking Left deviation of the mouth, dysarthria, hemifacial
jerking
25 Left facial and left arm jerking Dystonic posturing of left hand, then of left arm, head
deviation toward the left, hypertonus and clonic
movement
26 Clonic generalized Left hemifacial twitching
27 Facial twitching Blows, left mouth deviation
28 Perioral twitching, anarthria Right perioral twitching, anarthria, drooling
29 Guttural sounds, drooling, anarthria Anarthria, drooling, right hemisomic twitching,
secondary generalization
30 Guttural sounds, drooling Drooling, right hemifacial and arm twitching
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All patients except seven have been treated with
AEDs: 17 children were treated in monotherapy (four
with carbamazepine, eight with valproic acid, three with
clobazam, one with levetiracetam and one with lamotri-gine), six patients received concomitant therapy with
two (four patients) or more than two (two patients)
AEDs.
More than one AED was introduced because of
frequent seizures or because of neuropsychological
impairment.
Table 3
EEG features of the seizures recorded in 30 patients.
Patient no. Initial ictal pattern Ictal discharge
modiﬁcation
Clinical seizure
duration
Post-ictal
slowing
Subclinical
pattern
Subclinical
seizure
duration
Ictal side SEC GEN IND BIL
ABN
1 Pattern A Yes 3 min No – – Left No No
2a – – – No Pattern A 20 s Left No No
3 Pattern D Yes 1 min Yes – Left No No
4a – – – No Pattern A 10 s Right No Yes
5 Pattern B Not 30 s No – – Right No Yes
6 Pattern A Not 45 s No Pattern C 25 s Right No Yes
7 Pattern B Yes 15 min Yes Pattern B, C 15 s Right/left No Yes
8 Pattern A Yes 2 min No – – Left Yes No
9 Pattern B Yes 5 min 30 s Yes – – Right No No
10 Pattern B Not 1 min 10 s No – – Right No No
11 Pattern D Yes 1 min No – – Right No Yes
12 Pattern A Not 3 min No – – Left No Yes
13 Pattern C Yes 3 min Yes – – Left Yes Yes
14 Pattern A Not 2 min 15 s No Pattern A 15 s Right No No
15 Pattern A Yes 40 s No – – Left No No
16 Pattern A Yes 50 s No – – Right No No
17 Pattern C Yes 80 s No – – Left No Yes
18 Pattern A Yes 2 min No – – Left Yes No
19 Pattern B Not 2 min 15 s Yes – – Left Yes Yes
20 Pattern D Yes 3 min No – – Right Yes Yes
21 Pattern B Yes 100 s No – – Left No No
22 Pattern D Yes 50 s No – – Left No Yes
23 Pattern C Yes 2 min No – – Left No Yes
24 Pattern C Yes 50 s No – – Right No No
25 Pattern C Yes 50 s Yes – – Left No Yes
26 Pattern A Yes 65 s No – – Right No No
27 Pattern D Yes 16 s Yes – – Right No No
28 Pattern A Yes 15 min No – – Right No No
29 Pattern A Yes 25 s No – – Left Yes Yes
30 Pattern A Not 40 s No – – Left No Yes
SEC GEN, Secondary generalization; IND BIL ABN, independent bilateral abnormalities.
a Only subclinical seizure recorded.
Fig. 1. Subclinical ictal event, lasting 10 s, characterized by a low voltage fast activity of rhythmic spikes, increasing in amplitude and decreasing in
frequency over right centro-temporal regions (pattern A, patient no. 4).
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Fig. 4. Initial phase of a clinical event lasting 50 s characterized by
dysarthria, left deviation of the mouth and hemifacial jerks. Theta
activity (pattern C) starting from right centro-temporal regions after
interruption of interictal abnormalities is evident. After few seconds
note the change to pattern A for some seconds and, ﬁnally, to pattern
C (patient no. 24).
306 G. Capovilla et al. / Brain & Development 33 (2011) 301–3093.6. Follow-up
All patients have a follow-up more then 3 years
(range 3–18 years from the beginning of disease, mean
value 7 years).
3.7. EEG picture
3.7.1. Interictal ﬁndings
All the patients showed typical interictal EEG ﬁnd-
ings consistent with diagnosis of BCECTS. Fourteen
patients presented with independent EEG foci. EEG
paroxysms increased during sleep in all the patients,
without any change in their morphology. Two out of
the patients had an EEG pattern typical of Electrical
Status Epileptics during Sleep (Cases 21 and 22).
3.7.2. Ictal ﬁndings
Electroclinical seizures were recorded in 28 patients.
In three of these children we recorded also subclinical
episodes, lasting from 10 to 25 seconds. In two adjunc-
tive patients we recorded only subclinical events. Sei-Fig. 2. Start of a clinical ictal event lasting 1 min and 10 s with left hemifac
centro-temporal regions (pattern B) evolving into a theta activity (pattern C)
no. 10).
Fig. 3. Subclinical seizure lasting 15 s, constituted by a discharge of spikes in
the time, involving right centro-temporal regions (pattern B, patient no. 7).zures started from right hemisphere in 13 children,
from left hemisphere in 16. A girl presented seizures
starting from both hemispheres. Ictal morphology couldial and arm twitching. Note spike and wave discharge involving right
and then again returning to spike and wave activity (pattern B, patient
termixed with sharp waves increasing in frequency and amplitude over
Fig. 6. Initial phase of a clinical seizure lasting 1 min and character-
ized by right perioral and hemifacial twitching, right arm extension,
loss of consciousness. Note the focal depression of electrical activity
(pattern D) followed subsequently by theta activity (pattern C) on left
central region (patient no. 11).
G. Capovilla et al. / Brain & Development 33 (2011) 301–309 307change during the seizure and Table 3 shows the EEG
features of each episode. So, we describe both the initial
ictal pattern and the subsequent ictal development. We
recognized four diﬀerent starting ictal patterns in our
children. The ﬁrst is characterized by low voltage activ-
ity of fast rhythmic spikes, increasing in amplitude and
decreasing in frequency (pattern A), and it was found
in 10 children with clinical seizures, in two with subclin-
ical events and in two with both (Fig. 1). The second
EEG pattern is constituted by a discharge of spikes
intermixed with sharp waves increasing in frequency
and amplitude over the time (pattern B), and can be
found in ﬁve children with clinical seizures and in one
patient with subclinical seizures (Figs. 2 and 3). The
third ictal pattern is characterized by monomorphous
theta activity which progressively formed a discharge
increasing in amplitude and decreasing in frequency
(pattern C) and it was found in ﬁve children with clinical
seizures and in two children with subclinical seizures
(Figs. 4 and 5). Finally, the fourth and last ictal pattern
(pattern D), found in ﬁve cases, is characterized by an
initial phase of focal depression of the electrical activity
followed by one of the three above described patterns
and it was always accompanied by clinical symptoms
(Fig. 6). In 21 out of 28 children, the initial ictal pattern
could modify during the seizure, resulting in a switch
from one pattern to another one (Table 3; Figs. 2 and
5–7). Patients featuring patterns C and D constantly
showed a modiﬁcation of the ictal discharge over the
time. Secondary generalization, present in six cases,
was related to all four diﬀerent initial ictal patterns
and to both unilateral and independent EEG foci.
Post-ictal slowing (Fig. 8) was encountered after seven
clinical seizures, without association with a particular
ictal pattern. In the three cases with more than an
unique recorded seizures, we noted that the morphologyFig. 5. Subclinical ictal event lasting 15 s. Monomorphous theta activity is e
and wave discharge (pattern B, same patient and same registration of Fig. 3of the whole ictal discharge could be diﬀerent in diﬀerent
episodes.
3.8. Statistical analysis
Statistical analysis is shown in Table 4. No clinical or
EEG feature was predictive of a speciﬁc ictal pattern
except for post-ictal slowing, which was never associated
to pattern A (p = 0.01).
4. Discussion
Our paper includes a very important number of cases
with recorded seizure and they represent, at our bestvident on left centro-temporal regions (pattern C) evolving into spike
).
Fig. 7. Initial part of a clinical seizure with left hemifacial twitching and then involvement of the left side of the body lasting 15 min. Note: spike and
wave discharge on right centro-temporal regions (pattern B) evolving into theta activity (pattern C, same patient of Fig. 3).
Fig. 8. Post-ictal slowing is evident on the left centro-temporal and
vertex regions after some minutes from seizure stop (patient no. 3).
308 G. Capovilla et al. / Brain & Development 33 (2011) 301–309knowledge, not only the more relevant number of
BCECTS patients with recorded seizures ever described
in an article but also the overwhelming majority of
patients with BCECTS seizures ever described. The abso-
lute relevance of our contribution is the striking evidenceTable 4
Correlation between the four identiﬁed ictal patterns and the clinical-EEG f
Pattern type (n = 30) Ictal abnormalities
side (L/R)
Secondar
generaliz
Pattern A (n = 14) 8/6 3/11
Pattern B (n = 6) 3/4b 1/5
Pattern C (n = 7) 5/2 2/5
Pattern D (n = 5) 2/3 1/4
L, Left; R, right; Y, yes; N, no.
a Three children did not receive antiepileptic therapy.
b In patient 7 the ictal discharge started independently from both hemisph
* p = 0.01.that, diﬀerently from the literature statements, a unique
ictal pattern does not exist in rolandic epilepsy and that,
on the contrary, clear diﬀerences are present for the ictal
EEG patterns. The morphology of the ictal discharge,
for example, varies greatly in diﬀerent patients (some-
times in the same patient), as is well evident from our
iconographic documentation. So, the evidence that an
unique typical ictal EEG pattern does not exist in
BCECTS, as believed after the ﬁrst descriptions, is of
particular interest in the daily clinical practice. In fact,
it is not so rare the second opinion observation of
patients who have had excluded BCECTS diagnosis for
their seizure characteristics. Even if scarce are the relative
descriptions, this ictal variability is similar to another idi-
opathic benign focal condition, i.e. occipital childhood
epilepsy, in particular for the early variant described by
Panayiotopoulos [14]. On the contrary, literature data
evidence that stereotyped ictal manifestations are com-
mon in focal epilepsy sustained by diﬀerent cortical
pathologies, such as malformations of cortical develop-
ment and cerebral tumors [15]. The possible explanation
of these diﬀerent ways of presentation can primarily –
although not exclusively – lie in the functional natureeatures of the 30 patients.
y
ation (Y/N)
Post-ictal
slowing (Y/N)
Drug-resistancea
(Y/N)
0/14* 4/10
3/3 3/3
2/5 3=4
2/3 4/1
eres.
G. Capovilla et al. / Brain & Development 33 (2011) 301–309 309of BCECTS, so that seizures can have diﬀerent ictal mor-
phology and localization. This hypothesis is also rein-
forced by the same behavior in Panayiotopoulos
syndrome and can be well explained by the theory of
the so called “system epilepsy” recently advanced by
Wolf in 2006 [16] and, more recently, by Koutroumani-
dis [17] and Capovilla et al. [18]. Another interesting fea-
ture of our series of patients is that in 21 children ictal
discharge changed its morphology during the seizure
and that, in seven patients, the EEG showed a post-ictal
slowing. Also these EEG features are in contrast with the
literature statements. Moreover, a focal neurological
post-ictal deﬁcit is not so rare since it was observed in
11 children, conﬁrming some previous anecdotal obser-
vations [9] and it was not regularly related to a post-ictal
slowing. In conclusion, we provided evidence – in the
largest series of BCECTS patients reported to date – that
a unique ictal pattern does not exist in BCECTS, in con-
trast with the opinion of other authors [1,2]. Moreover,
the presence of “per-ictal” features such as EEG depres-
sion before the seizures and post-ictal slowing do not
exclude BCECTS diagnosis. Again, an ictal pattern mod-
iﬁcation is not conﬂicting with BCECTS diagnosis. We
therefore suggest that the diagnosis of BCECTS should
be ﬁrstly put on the basis of the global clinical context
assessment. These data provide a signiﬁcant contribution
both in correctly diagnosing BCECTS and in under-
standing its physiopathology.Conﬂicts of interest
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